We have found that interleukin-4 (IL-4) abrogated constitutive beta interferon (IFN-j) synthesis in mouse macrophages. Analysis of endogenous IFN mRNA by reverse transcription-PCR clearly documented the presence of IFN-0 but not of IFN-a transcripts in RNA from bone marrow-derived macrophages (BMM).
Although in vitro nearly all cells are capable of generating an interferon (IFN) response following viral infection, macrophages are considered the most important IFN-producing cells (21) . They are preferentially located near potential entry sites for pathogens and start IFN synthesis within 3 to 4 h after contact with a virus, well before other cells respond (16) . The reason for the early and vigorous onset of IFN production in macrophages may be an autocrine priming effect (29) due to the continuous secretion of IFN in minute amounts during in vitro culture in macrophage colony-stimulating factor (M-CSF) (22, 35) . From other studies, evidence was also obtained that IFN-a/, is secreted constitutively in vivo (2, 7, 12, 13) . It is likely that macrophages represent the main cellular source of this IFN, since freshly isolated peritoneal macrophages were resistant to viral infection and could transfer an antiviral state in vitro (27) .
Interleukin-4 (IL-4) is a cytokine with pleiotropic effects. Among its target cells are not only both B cells (33) and T cells (26) but also macrophages (3, 36) , hematopoietic precursor cells (28) , and stromal cells (25) (for a review, see reference 23) . Interestingly, during in vitro culture of peripheral blood leukocytes, monocytes, or macrophages, inhibitory influences of IL-4 on the secretion of other cytokines following stimulation with endotoxin (31), IL-2 plus IFN--y (8), or allogeneic cells (24) have been observed. In addition, IL-4 attenuated some biological effects mediated by low doses of IFN, namely, the antiviral properties in L-929 cells (20) and activation of the genes ISG54 and IP-10 in human monocytic cells (19) . In the present study, we have analyzed the influence of IL-4 on the synthesis and action of constitutive IFN-P in mouse bone marrow-derived macrophages (BMM).
IL-4 inhibits accumulation of endogenous IFN-0 mRNA in BMM. BMM were obtained from cultures of C57BL/6 bone marrow cells in RPMI 1640-10% fetal calf serum supplemented with M-CSF (600 U/ml) as described previously (15) . Total RNA was extracted from BMM (4), and mRNA was isolated by using oligo(dT)25 Dynabeads sponding to RNA preparations from IL-4-treated BMM) was due to inhibition of IFN-3 mRNA accumulation in BMM and not to an irregular course of the PCR. In addition, an aliquot of each cDNA preparation was amplified under the same conditions but with primers for the cDNA of the gapdh gene (1) to document that comparable copy numbers of cDNA were present in each test tube following reverse transcription of BMM mRNA (Fig. 2b) . The 111-bp amplification product of the IFN-, control DNA was also used to quantitate the number of IFN-1 transcripts in BMM RNA preparations by competitive PCR. To this end, a constant amount of reversetranscribed cDNA was amplified in the presence of increasing amounts of control DNA ranging from 0.015 to 0.12 fg. Following electrophoresis, the amount of DNA giving rise to identical band intensities of both fragments was determined. In the experiment presented in Fig. 3 IFN-P could still be monitored in BMM cultures treated with IL-4. Replication of vesicular stomatitis virus (VSV) was assessed in a standard viral plaque assay, and OASE activity was determined essentially as reported earlier (6) . As shown in Fig. 4a , culture of BMM in the presence of IL-4 (5 or 1 ng/ml) completely abrogated resistance to VSV. Virus titers were even found to be 50-to 100-fold higher than those from anti-IFN-ff-treated cultures. Similarly, there was virtually no OASE activity detectable in cytoplasmic extracts from BMM grown in M-CSF plus IL-4 (2 ng/ml; Fig. 4b ). It is also obvious from Fig. 4b that delayed addition of IL-4 to mature BMM on day 7 of culture caused a stepwise disappearance of enzyme activity depending on the length of exposure. This is in complete agreement with the data from the RT-PCR analysis and reveals that IL-4 did not directly inhibit OASE activity but M-CSF (22) . This IFN, on the other hand, antagonizes the growth-promoting activity of M-CSF for macrophages and is thought to establish a balance regulating BMM proliferation from committed bone marrow precursor cells. Additional experiments were carried out to see if IFN activity was generated constitutively in BMM cultures in the absence of exogenous M-CSF and if this IFN activity was also sensitive to inhibition by IL-4. Extracts from BMM cultured in medium alone still retained more than 50% of the OASE activity detected in control extracts from cultures supplemented with M-CSF and were only slightly more susceptible to VSV infection (Table 1 , treatments C and A, respectively). In all cultures, the addition of IL-4 resulted in total loss of both OASE levels and antiviral protection (Table 1 , treatments B, D, and E). These data indicate that constitutive IFN generated in the absence of exogenous M-CSF is also inhibited by IL-4 treatment. In a detailed study, Tushinski et al. (32) have shown that mononuclear phagocytes are dependent on M-CSF for growth and survival. In view of these findings, it is possible that macrophage growth in our cultures was due to endogenous (32) . Therefore, the possibility that IFN activity in these cultures was induced by M-CSF as well cannot be excluded. and IFNs have been shown to exert several adverse effects on immune cell functions (8, 19, 24 (17) . In addition, the observed suppression by IL-4 of constitutive IFN-, synthesis in BMM represents another example of the opposite effects of IL-4 and IFN--y, since another example of the opposite effects of IL-4 and IFN--y has been reported to induce IFN-1 expression in peritoneal macrophages (9 
